Healy et al. [1] contribute an excellent analysis of maximum lifespan records for nearly 1400 bird and mammal species. Consistent with the predictions of the evolutionary theory of ageing, their results suggest that behaviours which reduce extrinsic mortality have allowed the evolution of increased longevity. Notably, the ability to escape predators in multiple dimensions [2] seems to be particularly important; confirming previous studies (e.g. [3] ), Healy et al. find that both volant and non-volant arboreal species demonstrate longer lifespans than non-volant terrestrial species. The authors also find that fossoriality is associated with increased longevity and suggest that this is due to the ability of fossorial mammals to escape predators and other potential sources of extrinsic mortality such as inclement weather or other unfavourable conditions. Naked mole-rats are touted as an example of an extremely long-lived fossorial mammal, especially when body size is taken into account. While we do not contest this fact, we suggest that naked mole-rats and some relatives in the family Bathyergidae are exceptional among fossorial mammals because other factors, such as sociality, play large and perhaps primary roles in their increased longevity [4, 5] . Namely, species in the bathyergid genera Heterocephalus and Fukomys are eusocial [4] [5] [6] [7] , a factor that has been shown to be highly correlated with longevity in insects [8] . Here, we analyse a large dataset of fossorial mammals (N ¼ 101 compared with N ¼ 10 in [1] ) and test the hypothesis that increased longevity is related to fossoriality and eusocial tendencies.
Many fossorial mammals build elaborate tunnel systems that provide protection from surface predators and climatic extremes [9, 10] . Therefore, one hypothesis to explain the exceptional lifespan potential observed in Heterocephalus glaber (naked mole-rats) is fossoriality [1, 8, [11] [12] [13] . Alternatively, social factors may play a primary role in Heterocephalus longevity [4, 5] . Keller & Genoud [8] demonstrated convincingly that the evolution of eusociality is associated with significant increases in longevity in ants. Like eusocial insects, Heterocephalus and other eusocial bathyergids (genus Fukomys) are characterized by overlapping generations, reproductive division of labour and cooperative breeding [4, 6, 7] , meeting the original requirements of eusociality [14] . This social system, in which the breeding female (i.e. 'queen') and one to several breeding males are both protected and provisioned by non-breeders, ensures that breeders rarely encounter predators and therefore experience low extrinsic mortality [6] . Among mammals, 'true' eusociality is unknown outside of Bathyergidae; however, some other mammals, namely within Carnivora and Primates, demonstrate eusocial behavioural tendencies [7, 15, 16] , most notably Suricata suricatta (meerkats) and Helogale parvula (dwarf mongooses), cooperatively breeding herpestids that demonstrate marked reproductive skew [7, 15, 17] . For example, in Helogale, as in eusocial bathyergids, the breeding pair receives food priority and protection from subordinate members and is rarely tasked with predator confrontation [16] .
To determine the role of both fossoriality and sociality on senescence, maximum lifespan records and average, pooled-sex body masses for ground-dwelling mammals (excluding arboreal and aquatic mammals) were compiled using AnAge (http://genomics.senescence.info/species/) [18] and other sources [19] [20] [21] . Since fossorial and eusocial-like species are restricted to smaller body sizes, we do not include mammals larger than 60 kg, a boundary that is approached by the largest semi-fossorial and eusocial-like mammals, aardvarks and humans, respectively. Healy et al. test the efficacy of data for species with at least 10 maximum lifespan records versus those with 100þ as recorded on the AnAge website and demonstrate that the datasets produce similar results. In an effort to increase sample size of usable taxa while bearing in mind that data can be biased by sample size [2, 18] , we too use the sample size and data quality criteria of AnAge. However, species whose records are considered 'not yet established' due to low sample size or questionable data quality, or those not listed on AnAge, presumably for the same reason, are targeted and compared with closely related taxa using standardized residuals generated from reduced major axis (RMA) regression on the entire dataset. If these species produce residuals that are substantially lower than those of close relatives, they are removed from the dataset; however, if the residuals are similar or higher than those of species with 'acceptable' data quality in AnAge, the longevity records in question are retained in the dataset. The reduced dataset consists of 440 ground-dwelling mammals (electronic supplementary material, appendix 1).
Species were organized into two categories: terrestrial (including occasional burrowers that burrow only to construct nests for offspring or those that use shallow, simple burrows, in addition to terrestrial mammals that do not burrow) (N ¼ 339) and fossorial (including mammals that spend time above ground but shelter in sealed or complex burrows, in addition to subterranean mammals that spend the majority of time underground) (N ¼ 101), following Healy et al. [1] and using multiple sources [9, 10, 19, 22] (electronic supplementary material, appendix 1). For social categories, mammals were divided into 'eusocial' (those demonstrating strong eusocial behavioural tendencies) (N ¼ 17) and non-eusocial (solitary and social) (N ¼ 423) species using several sources [7, 15, 16] . Although the definition of eusociality is debated, authorities are in agreement that cooperative breeding and high reproductive skew are two important requirements [14] .
ANOVA demonstrates that body mass explains 31.4% of the variation in maximum lifespan, sociality 3.3% and habitat less than 0.01%. A generalized linear model shows that, as with body mass, the inclusion of sociality significantly improves the model ( p , 0.001), whereas habitat does not ( p ¼ 0.802). Using RMA regression and analysis of covariance (ANCOVA) with a Bonferroni post-hoc test for multiple comparisons (electronic supplementary material, appendix 2), we find that terrestrial and fossorial slopes are not significantly different ( p ¼ 0.807), whereas an elevated 'eusocial' regression line over the non-eusocial line reaches borderline significance ( p ¼ 0.064) (figure 1). Analyses of phylogenetically independent contrasts (PIC) take relatedness among species into account and thus correct for phylogenetic structure of the dataset [23] . Results of analyses of PIC generate significant results for both habitat and sociality ( p , 0.05), suggesting that both factors play significant roles in increases in longevity (electronic supplementary material, appendix 2). Therefore, we find support for Healy et al.'s [1] results on fossoriality with a 10-fold larger sample size, and we additionally identify eusocial-like behaviour as another factor that is associated with increased longevity.
Indeed, high LQs (longevity quotients) are observed in subterranean mammals (e.g. Spalax ehrenbergi, the blind mole-rat, LQ ¼ 1.7, and Spalacopus cyanus, the cururo, LQ ¼ 1. 4 ) and mammals that demonstrate eusocial tendencies (e.g. Helogale ¼ 1.8, and Suricata ¼ 1.6, compared with other herpestids, mean LQ ¼ 1.0) (electronic supplementary material, appendix 1). The family Bathyergidae includes eusocial and non-eusocial species, all of which are entirely fossorial [4] [5] [6] [7] . While maximum lifespan records are not yet well-established for the solitary (Georychus capensis) and social (genus Cryptomys) species, the eusocial species produce some of the highest LQs in the dataset (Heterocephalus ¼ 4.9; Fukomys anselli ¼ 2.7; rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20141664
Fukomys damarensis ¼ 1.7). We suggest that these extreme longevities evolved in the context of eusociality and protection in the relative safety of a complex and heavily defended burrow system. By contrast, while pocket gophers live on average slightly less than expected (average LQ ¼ 0.94), afrotherian and placental moles are characteristically short-lived (average LQ ¼ 0.38 and 0.62, respectively).
Although not strictly eusocial, another highly social mammal that demonstrates overlapping generations, reproductive division of labour, and a unique kind of cooperative breeding and reproductive skew, Homo sapiens [24, 25] , has adopted additional cultural and defensive strategies to reduce extrinsic mortality [26] and likewise demonstrates a high LQ (3.5). We commend Healy et al. on their excellent work, probably the best and most sophisticated study of its kind to date. Our preliminary data suggest that other factors such as sociality have influenced the evolution of longevity in birds and particularly mammals, a hypothesis that requires subsequent testing, ideally using nuanced phylogenetic approaches such as those developed by Healy et al. [1] .
